Background-The long term outcome of drug related liver disease is unknown. Aims-To study the natural history of histologically proved drug induced hepatotoxicity. Methods-110 patients with liver biopsies coded either as drug induced liver disease or hepatitis/cholestasis of unknown aetiology were identified from hospital records 1978-1996. Review of case notes and histology identified 44 patients with definite drug induced hepatotoxicity. Forty surviving patients were invited to attend a follow up clinic. History, examination, full liver screen, and isotope and ultrasound liver scans were repeated in all patients. Repeat liver biopsies were offered to patients with abnormal liver tests. Results-Presentation at index biopsy was jaundice in 24 patients, abnormal liver tests in 17, and hepatic failure in three. Antibiotics (n=13) and non-steroidal antiinflammatory drugs (n=11) were the most common drugs implicated. Initial histology showed acute hepatitis in six, chronic hepatitis in 20, and cholestasis in 18. At 1-19 years (median 5 years) follow up, 13/33 (39%) patients had persistent significant abnormalities in their liver blood tests and/or scans. Three of the five repeat liver biopsies performed showed significant abnormalities. Factors predicting persistence or development of chronic liver disease were fibrosis and continued exposure to the drug. Conclusions-Drugs should be considered in the diVerential diagnosis of abnormal liver function and/or histology, as failure to withdraw the oVending drug is associated with a high risk of persistent liver damage. (Gut 1999;44:731-735) 
Hepatotoxicity is a potential complication of most prescribed drugs, presumably due to the central role of the liver in drug metabolism. 1 2 In a few cases the adverse liver reactions are predictable and dose dependent 3 ; however for most drugs liver injury is idiosyncratic. Even though many drugs associated with a significant risk of hepatotoxicity have been replaced by apparently safer drugs, hepatic drug reactions are being increasingly reported, 4 5 with drugs still accounting for 5% of cases of jaundice admitted to hospitals. 6 7 Despite its relative frequency, surprisingly little information is available on the long term outcome of drug induced liver disease. 8 Potential reasons for this include: a failure to consider drugs as the primary cause of abnormal liver function leading to "missed" diagnoses; the diYculty in establishing a definite diagnosis of drug induced liver disease, 9 particularly excluding other diagnoses; and the widely held belief that, with a few notable exceptions, such as chronic hepatitis secondary to dantrolene 10 or flucloxacillin induced cholestasis, 11 drug induced hepatotoxicity is reversible following drug withdrawal and, accordingly, patients may not require long term follow up. We have sought to determine the natural history of patients with histologically confirmed drug induced liver disease presenting to a large teaching hospital over an 18 year period.
Patients and methods
From computerised histological records, a list of patients was obtained in whom a histological diagnosis of either drug induced liver disease or cholestasis/hepatitis of unknown aetiology was reported between 1978 and 1996. The case notes of all patients were traced and the following information extracted: personal details, full medical history including presentation prior to liver biopsy, detailed drug and alcohol history, physical findings, full blood count (haemoglobin, leucocytes, and platelets), standard liver function tests (albumin, bilirubin, alanine aminotransferase, alkaline phosphatase, and glutamyl transferase), hepatitis B and C serology (where available), autoantibody screen, liver ultrasound and isotope scan, and endoscopic retrograde cholangiopancreatography (ERCP) where indicated. Permission for the study was obtained from the Newcastleupon-Tyne Joint Ethics Committee. Details of each patient's present general practitioner were obtained from the OYce of Population Census and Surveys (OPCS), London. Death certificates were obtained as indicated.
The diagnosis of drug induced hepatotoxicity was based on the following International Consensus Criteria 12 :
(1) The time from drug intake and withdrawal to the apparent onset of the reaction was "suggestive" (5-90 days from initial drug intake) or "compatible" (less than five or more than 90 days from initial drug intake and not more than 15 days of drug withdrawal for "hepatocellular" reaction and not more than 30 days of drug withdrawal for cholestatic reaction) with drug hepatotoxicity. (2) Course of the reaction after cessation of the drug was "very suggestive" (decrease in the liver enzymes by at least 50% of the excess over the upper limit of normal within eight days) or "suggestive" (decrease in the liver enzymes by at least 50% within 30 days for "hepatocellular" reaction and 180 days for "cholestatic" reaction) of drug reaction. (3) Alternative cause of the reaction had been excluded by detailed investigations, including a liver biopsy in each case. (4) There was a positive response to rechallenge (at least a doubling of liver enzymes) when such information was available. Reaction was classified "drug related" if all of the first three criteria were met or if two of the first three criteria were met in the presence of a positive rechallenge response. In addition to these well established criteria, patients were also scored using a recently validated clinical scale for the diagnosis of drug induced hepatitis. 13 A score of 11 or more out of a maximum of 20 was required for inclusion in this study as a lower score makes drug hepatotoxicity an unlikely diagnosis. 13 Patients with a suspected drug overdose were excluded.
For those patients with a diagnosis of drug hepatotoxicity, permission was sought from the family doctor for each living patient, and each was then invited to attend for a follow up appointment during 1997. Patients presenting during 1996 were only invited to attend follow up when at least a year had passed since their index biopsy. In the clinic each patient was seen by one of us (PGA) and a full history and physical examination was obtained. All previous blood tests, and isotope and ultrasound scans were repeated. Repeat liver biopsies were oVered to all patients with abnormal liver blood tests. Comparison between discrete variables was performed by Fisher's exact test using the Instat 2 programme (GraphPad Software, San Diego, California, USA). Odds ratios (OR) were calculated where appropriate.
Results
Of 110 patients initially identified, 44 were eventually classified as having drug related hepatotoxicity. Figure 1 details the exclusions. The alternative cause of liver disease in 42/110 patients was underlying malignancy in 11, transplant related complications in 17, alcoholic liver disease in six, autoimmune hepatitis in five, systemic sepsis in two, and ischaemic hepatitis in one patient. None of the included patients had positive hepatitis B or C serology or autoantibodies associated with liver disease, although HCV serology was not performed in six patients who presented prior to the tests becoming available and who were either deceased (n=3) or failed to attend follow up. The median age of the patients was 49 years (range 17-75) and two thirds were female (26/ 44). Table 1 lists the responsible drugs in each of the 44 patients. Antibiotics (n=13) and analgesics/non-steroidal anti-inflammatory drugs (n=11) accounted for over half the cases, with psychotropic drugs (n=8) representing the other major group. The only specific drugs associated with more than two cases were co-amoxiclav (Augmentin) in six and chlorpromazine, diclofenac, and dextropropoxyphene in four cases each.
The initial presentation leading to the index liver biopsy was most commonly jaundice (n=24), or abnormal liver blood tests performed as part of routine investigations (n=17). A further three patients presented with hepatic failure manifest as hepatic encephalopathy. In only 17/44 cases were drugs considered in the original diVerential diagnosis on the histology request form. Drug induced liver diseases were classified entirely on the basis of the histological findings as recommended by the International Consensus Group. 12 Initial histology showed features of acute hepatitis in six patients, chronic hepatitis in 20, and predominant cholestasis in 18 with or without hepatitis. The histology result led the supervising clinician to the diagnosis of drug induced liver disease in a further 20 (table 2) .
At the time of follow up 40 patients were alive and 33 of these attended clinic. Of the remaining seven patients, three had moved away from the region and four were unwilling to take part in the study. At a median of five years follow up (range 1-19 years) no patient had presented with hepatic decompensation or had developed clinical signs of chronic liver disease. However, eight patients had persistent abnormalities in standard liver blood tests with or without associated scan (isotope/ ultrasound) abnormalities, and an additional five patients had persistently abnormal scans (isotope and/or ultrasound) without any elevation in liver enzymes (table 3). Five of the eight patients with abnormal liver tests underwent repeat liver biopsies, two patients refused, and one was taking long term anticoagulants for recurrent ventricular tachycardia. Three of the five biopsies showed significant residual pathology including chronic hepatitis, fibrosis, and ductopenia, although in no case had the histology increased in severity. The three patients with abnormal liver blood tests who were not biopsied all had abnormal isotope and/or ultrasound scans and seem likely to have underlying chronic liver disease. The five patients with abnormal scans (uneven uptake on isotope scans in three, shrunken liver or hepatomegaly with irregular texture on ultrasound scans in two) and normal liver blood tests seem likely to have inactive chronic liver disease. Liver disease did not appear on the death certificate of any of the four deceased patients, although clearly this does not definitely exclude the presence of chronic liver disease, particularly as three of these patients had chronic hepatitis and fibrosis on their index biopsies.
Features on presentation associated with persistence or development of chronic liver disease (determined histologically or assumed in patients with abnormal scans with or without abnormal liver blood tests) were: fibrosis at initial biopsy (6/7 versus 5/26 without this lesion; OR 25.2 (2.4-259.4)); and continued exposure to the oVending drug more than six months after the initial biopsy (5/7 versus 6/26 with prompt withdrawal of drug; Drug induced liver disease (n = 50)
Idiosyncratic hepatotoxicity (n = 44) 
Discussion
Until now information on the long term outcome of idiosyncratic drug induced liver disease has been derived largely from case reports that have described persistent biochemical evidence of liver injury (raised aminotransferases) as well as development of decompensated cirrhosis 6-76 months after initial injury. [14] [15] [16] [17] Despite these reports, drug induced liver injury is believed to be largely reversible, even when the histological pattern of injury is chronic active hepatitis. 18 19 The results of this current study of patients with histologically documented idiosyncratic drug induced liver injury challenge these beliefs. A third of patients (11/33) had either biochemical, radiological, or histological evidence of liver disease a median of five years following their index liver biopsy, including 9/15 patients with chronic hepatitis, two of whom had persistent necroinflammation on biopsy. Importantly, patients in this study were not selected because of the severity of their initial liver injury, only on the basis of their having history and investigations including histology compatible with drug induced injury and excluding other diseases. It might be expected that the more severe cases presenting during the study period would not have been biopsied due to the presence of coagulopathy.
Other than the presence of pre-existing fibrosis, the factor most associated with an adverse outcome was continuation of the implicated drug for more than six months after the index biopsy: 5/7 of these patients (71%) had abnormal investigations on follow up compared with 6/26 patients (23%) who had had their drug stopped. This adverse eVect of continuation or inadvertent resumption of drug intake has been reported previously, 14 17 19 and shows that prompt recognition of drugs as the cause of liver injury is the most important aspect of management in these patients. In this series, from a large teaching hospital, drugs were suspected as the cause of abnormal liver function warranting a liver biopsy in only 17/44 cases (39%). Even when histology became available, a failure to attribute the injury to drugs led to their continuation in 7/33 patients (21%) for more than six months.
Three factors seem likely to account for this failure to recognise drugs as the cause of liver injury, a problem which is presumably not unique to our institution. The first of these is the changing pattern of drugs associated with hepatotoxicity. In the 1960s chlorpromazine was the leading cause of drug induced jaundice, 20 while in the last two decades halothane was the most frequently reported hepatotoxin. 6 7 As these and many other hepatotoxic drugs have largely been replaced by drugs with better side eVect profiles, one might expect the incidence of hepatotoxicity to be decreasing. However, a huge increase in the absolute number of prescriptions of drugs with a relatively low risk of hepatotoxicity has lead to both an increase in the number and a change in the pattern of hepatic drug reactions reported. 6 7 21 This is well illustrated in this study where antibiotics and analgesics/nonsteroidal anti-inflammatory drugs were incriminated in more than 50% of patients. The risks of developing significant hepatic injury secondary to co-amoxiclav and diclofenac (which accounted for 10/44 patients in our study) have been estimated to be around 1 per 100 000 persons exposed. 22 23 The second factor accounting for a failure to recognise drugs as the cause of liver injury relates to the histological pattern of injury. In the 1970s drugs were numerically the most important cause of chronic hepatitis, accounting for 28-66% of cases. 18 24 However, the drugs responsible for the majority of these cases, such as methyldopa and nitrofurantoin, are used much less frequently, and it has recently been suggested that drugs now contribute to less than 1% of all cases of chronic hepatitis, 18 with one study reporting only one case of drug (nitrofurantoin) induced chronic hepatitis from 1985 to 1995. 25 This type of information may contribute to a failure to consider drugs in the diVerential diagnosis of chronic hepatitis. Indeed in this present study five of the seven cases where the drug was continued for more than six months following liver biopsy were patients whose biopsy showed chronic hepatitis. We have identified 20 cases of drug induced chronic hepatitis due to a wide range of drugs (table 1) . These cases accounted for 6.5% of all cases of histologically proven chronic hepatitis presenting to our institution over the same time period. 26 The observation that 15 of these 20 patients were asymptomatic and were identified only after abnormal liver function tests were detected on routine blood testing suggests that many cases of drug induced chronic hepatitis go undiscovered and may eventually conceivably contribute to cases of "cryptogenic" cirrhosis. Clearly, drugs must continue to be considered in the diVerential diagnosis of this histological pattern of injury.
The third factor accounting for a failure to recognise drugs as the cause of liver injury is that it may be caused by relatively new drugs not widely known to be associated with hepatotoxicity. This reflects the inevitable time lag that exists between marketing a new drug and the recognition of a rare side eVect which is observed only after several accumulated patient years. This is well illustrated by diclofenac which, after several years of marketing, is being increasingly associated with the development of chronic hepatitis 23 27-29 and accounts for three patients in this current study.
In conclusion, therapeutic drugs remain a significant cause of liver injury and can be associated with a variety of histological appearances including chronic hepatitis. The pattern of drugs causing liver damage is changing and is now most often due to a rare side eVect of commonly prescribed drugs such as antibiotics and anti-inflammatory drugs, and to recently introduced drugs whose hepatotoxicity may not yet be established. A high index of suspicion should be maintained for any drug taken by a patient with evidence of liver injury, as failure to recognise and subsequently discontinue the oVending agent is associated with a high risk of liver damage persisting even after the drug is eventually stopped.
